.Juice extracted from damaged fruit, is expected to contain more microorganisms than juice extracted from sound undamaged fruit (Wolford and Berry, 1948; Patrick, 1950; Mlurdock and Brokaw, 1957; IPatrick and Hill, 1957) . For the complete evaluation of the microbial population in citrus juice or concentrate, one should consider not only numbers, but also kinds of organisms. Some kinds of organisms may cause offflavors and, according to the standards of some agencies, certain organisms may be regarded as indicators of health hazards. These facts presenited a problem in processing juice from Florida's freeze-damaged fruit in the 1957-1958 season. Generally, heat is applied to stal)ilize such juice and the degree of exposure employed is determined by the individual operator. Some operators believe that the physical condition of the fruit after freeze-damage should determine the intensity of the heat treatment.
It is generally conceded that undamaged fruit contains a low microbial count. Kaufman and Campbell (1949) observed that juice from sound fruit extracted and packed aseptically may be stored at room temperiature without fermentation and that the counts were in the range of 1 to 3 bacteria per ml. Wolford and Berry (1948) stated that the elimination of unsound fruit is of prime importance in the production of juice of low microbial count and low coliform index. Patrick (1950) concluded after inspecting 17 processing plants throughout a production season that the quality of citrus fruit used was of major importance when endeavoring to produce a low count juice, provided the equipment was kept clean. Fruit with clean exteriors did not insure a low count juice from the extractors. The flora varied with the treatment and quality of the fruit during a season. Murdock and Brokaw (1957) reported that the microbial count of juice from sound fruit was 500 bacteria per ml; from drops 1,500 to 29,000; splits 620,000 to 2,800,000; and deteriorated fruits 3,100,000 to 9,200,000 per ml. Kaufman and Campbell (1949) protection afforded by pulpy juice, grow in the low Brix stage of the evaporator, and subsequently cause off-flavor. Murdock et al. (1953) tested the thermal resistance of organisms that had survived processing and caused off-flavor in orange concentrate. They found a strain of Leuconostoc that was destroyed at 145 F, a strain of Lactobacillus that was destroyed at 150 F, and the yeasts they studied were destroyed at 155 F. On another occasion, Murdock et al. (1954) reported that Lactobacillus buchneri did not grow in orange juice at 130 F and decreased from 160,000 per ml to 10 per ml in 4 hr. Patrick and Hill (1958) observed that streptococcus-like organisms in orange juice did not survive heat treatment of 14 sec to a maximal temperature of 165 F. Several investigators have noted that temperatures need not exceed 165 F for the destruction of the Escherichia-Aerobacter group. also observed that the heat treatment of juice from grove-run fruit did not show the consistently clear-cut results that were noted when using pasteurized juice inoculated with different strains of bacterial species, but those surviving 165 F were not considered significant. The variety of microbial contamination seemed to have much to do with the numbers of organisms surviving the heat treatment. The contamination that survived, however, would not disqualify the product as commercially acceptable. Nolte and von Loesecke (1940) found that none of the bacteria isolated from commercially pasteurized juice would grow on orange juice or grapefruit juice agars incubated at 25, 37, and 55 C.
Through the facilities of the Citrus Experiment Station, we wished to learn something about the numbers and kinds of microorganisms in cold-damaged fruit and the effect of heat treatment temperatures on their destruction.
EXPERIMENTAL METHODS
The experiments reported in this paper were conducted in the Pilot Plant at the Citrus Experiment Station, using juice from freeze-damaged Hamlin, Pineapple, and Valencia oranges throughout the season as they were made available. The juice was extracted on an "in-line" press and a plate-type heat exchanger was used for the heat treatment. When a series of heat exposures was made in succession, the highest temperature in the series was administered first; the heating time was 14 sec to attain a maximal temperature of 205, 195, 185, 175, 165, and 155 F (table 1) .
Juice from these varieties of oranges carried the chance contamination associated with grove-run fruit of this maturity and damage. The numbers of organisms were determined by plating dilutions of the juice into dextrose agar, pH 7.0; potato dextrose agar, pH 3.5; and orange serum agar, pH 5.6. The plates were incubated at 32 C for 48 hr, except potato dextrose agar plates which were incubated at room temperature for 5 days. The small numbers of organisms surviving are not significant when considering the stability of the juice as sporeforming bacteria predominated. However, such results usually raise a doubt as to the quality of the fruit used (table 1) . Nolte and von Loesecke (1940) found 40 organisms per ml surviving commercial heat treatment, but did not state what temperature was used The maximal number of bacteria which grew on dextrose agar, pH 7.0, was 350 per ml after heating the juice to 185 F; potato dextrose agar, pH 3.5, showed a maximal count of 180 per ml after the juice was heated to 195 F; orange serum agar, pH 5.6, showed a maximal count of 400 per ml after heating the juice to 175 F. The counts are not indicative of a spoilage hazard since the numbers surviving were not large and doubtless would grow slowly, if at all, in orange juice.
The raw juice from these grove-run oranges showed considerable variation in the percentage of acid present. Hamlin oranges were well advanced in maturity when the first freeze occurred; Pineapple oranges were 1\II\CR OORkGAN ISAfS OF FREE.%ZE-DAMIAGED ORANGES reaching maturity; and V'alenicia oralnges were very immature at the time. It is noteworthy that only 1 of the 4 lots of Hamlin juice had an acidity of 0.7 per cent or below; from 21 lots of Pineapple juice, 5 had an acidity of 0.7 per cent or below; and 5 of the 21 extractions of Valencia orange juice had an acidity of 0.7 per cent or below, making a total of 11 extractions of juice with an acidity raanging from 0.37 to 0.7 per cent. The plate coun-t on these low acid juices averaged 416,000 microorganisms per ml, with counts ranging from 20,000 to 1,840,000 per ml as observed from inoculations on orange serum agar. Thirty-five other lots of juice had an acidity between 0.74 and 1.37 per cent; these contained a population count of 6,000 to 1,380,000 per ml with an average of 172,000 per ml as determined on orange serum agar (table 2) . The data do not show clearly the effect of damage on the acidity and numbers of microorganisms that on-e would expect.
Of the 46 lots of raw juice reported here, 283 containied coliform bacteria of the genus Aerobactcr; 41 lots coIntained streptococcus-like bacteria of which 12 gave presumptive evidence of enterococci. Five cultures grew in the confirmatory medium; of these only 1 could be classed as eniterococcus since it was catalase negative.
Organisms from neither of these groups survived 155 F, the lowest heat treatment temperature checked. SUMMARY Considerable variation in acidity was found among the 46 lots of juice examinied from freeze-damaged oranges, the range being 0.37 to 1.37 per cent.
Juice that conitained an acidity of 0.74 to 1.37 per cent carried fewer microorganisms than juice with 0.7 per cent and below.
Heat treatment temperatures did not destroy all of the organisms, but the numbers surviving were sporeforming bacteria and within the ranges of numbers found in commercially prepared fruit products.
Coliform bacteria and streptococcus-like bacteria were found, but did not survive a heating period of 14 sec to a maximal temperature of 155 F.
The number of microorganiisms in cold-damaged fruit (lid correllate very definitely with the physical change.
